An endophytic fungus found in Kentucky 31 (KY-31) tall rescue has been associated with the "summer syndrome" (rescue toxicity) in grazing cattle. Four experiments were conducted to investigate the use of weanling rats as an animal model to study the fescue toxicity syndrome. When graded levels of fungus-infected (INF) or fungus-free (FF) KY-31 seed were fed, feed intake and growth rates were inversely related to the amount of INF seed in the diet. When diets containing 50% seed were fed, rats eating INF seed had reduced (P<.05) daily water consumption (9 vs 20 ml) and lowered (P<.05) body temperatures (36.8 vs 37.7 C) when compared with the FF treatments. Autoclaving the seed increased feed intake and growth rate of rats receiving both INF and FF seed diets, but daily gains continued to be less (P<.05) in the rats fed autoclaved 1NF diets when compared with rats fed autoclaved FF diets (2.3 vs 6.8 g). Rats fed diets containing either 40% shredded wheat on which the fescue endophyte had been grown or 40% shredded wheat that was not innoculated did not differ in performance. Crude fiber, nitrogen-free extract, gross energy and dry matter digestibilities were enhanced (P<.05) by the presence of INF seed in the diets when compared with the FF seed treatments. Crude protein and ether extract digestibilities and apparent biological value of fescue protein were not affected by presence of the fungus. The effect of INF seed on organ weights was inconsistent. There were no histopathological changes seen in response to consumption of INF seed. Fungus-infected seed used in these experiments contained greater concentrations of loline alkaloids (5,134 vs 652/zg/g) than the FF seed.
associated with the presence of an endophytic fungus in the rescue plant (Hoveland et al., 1980 (Hoveland et al., , 1983 . The fungus, previously described as Epichloe typhina, has now been identified by Morgan-Jones and Gams (1982) as a new species, Acremonium coenophialum MorganJones and Gains. The anti-quality factors in rescue infected with Acremonium coenophialure appear to be more concentrated in the seed than in the vegetative portion of the plant (Schmidt et al., 1982) .
Because large-animal studies using fescue seed diets are expensive and require large amounts of seed, experiments were conducted to investigate the use of weanling laboratory rats as animal models to study rescue toxicity. Rats were used to determine the effects of fungus-free (FF) and fungus-infected (INF) rescue seed diets on feed intake, growth rate, water consumption, organ weights, organ histology and body temperature. Also investigated were the effects of fungus infection on digestibility of the diet.
Materials and Methods
In all trials, Charles River rats of the CD strain that had been maintained at Auburn 603 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 3, 1985 University as a closed colony since 1969 were individually caged and kept in the same room. Cages measured 18 x 26 cm and were 18 cm high. Room temperature ranged between 24 and 32 C and room lights were on 8 h each day. Seed used in the experimental diets had been harvested from pastures known to have either a low incidence of fungal infection (<5%) or a high incidence of infection (>95%) and were ground through a 40-mesh screen before mixing. Verification of fungal infection was obtained by allowing a portion of the seed to germinate and isolating the fungus from the immature seedlings . All diets contained fixed ingredients consisting of mineral mix, vitamin mix and corn oil. Casein (supplemented with .3% methionine), starch and alphacel were added to keep all diets isonitrogenous, isocaloric and similar in fiber content within each experiment. The compositions of diets used for individual trials are shown in table 1. Proximate analyses of INF and FF diets containing the same percentage fescue seed were nearly identical. Feed was offered once daily and feed intake recorded. Water was available at all times.
Trial 1. A preliminary 14-d study was conducted to evaluate the effect of the presence of fungus and amount of seed on feed intake and growth of laboratory rats. Thirtyfive female rats weighing 83 to 110 g were assigned randomly to seven treatment groups. Rats in the first six treatments, A through F, were fed diets (ad libitum) containing either 1.8 3.5 10.6 40.0 acapital letters beneath each trial refer to treatment diets used in that trial.
bFixed ingredients consisted of AIN-76 mineral mix, 3.5%; AIN-76 vitamin mix, 1.0% (ICN Nutritional Biochemicals, Cleveland, OH); corn oil, 5.0%.
CFungus-infected (INF) seed. Fungus-free (FF) seed were used in remaining seed-containing diets. dAutoclaved fungus-free seed (AutoFF).
eAutoclaved fungus-infected seed (AutolNF). fFungus inoculated culture medium (+ Medium). guninoculated culture medium (-Medium). hoil was increased to 9.1% of diet to balance energy. Trial 2. Twenty-five female rats weighing 67 to 109 g were assigned randomly to the following treatments: A) C-S control diet (ad libitum); B) 50% FF seed diet (ad libitum); C) 50% INF seed diet (ad libitum); D) 50% FF seed diet pair-fed to treatment C (pfFF); E) C-S control diet pair-fed to treatment C (pfC-S control). Feed intake, water intake and body temperature data were collected. Rectal temperatures were obtained on d 3, 6, 13 and 15 of the 15-d trial using a thermocouple inserted to a depth of 2.0 to 2.5 cm.
Trial 3. To investigate the effect of autoclaving the seed and to determine the toxicity of the fungus cultured on shredded wheat, 36 male rats weighing 93 to 134 g were assigned randomly to nine treatment groups: A) 40% FF seed; B) 40% INF seed; C) 40% pfFF to B; D) 40% autoclaved FF seed (AutoFF); E) 40% autoclaved INF seed (AutolNF); F) 40% AutoFF pair-fed to E (pfAutoFF); G) 40% growth medium (table 2) inoculated and incubated with A. coenophialum (+ medium); H) 40% incubated, but uninoculated growth medium (-medium); I) C-S control diet. Fescue seed (FF or INF) used in treatments D, E and F were ground and autoclaved at 22 psi and 120 C for 40 rain. Sterile shredded wheat was the main solid component of the growth medium used for treatments G and H. The s Series 1200, Parr Instrument Co., Moline, IL.
seed-containing diets were prepared in a manner similar to those used in previous trials, except that the seed content was reduced to 40%. The reduction was made to obtain a faster growth rate for both the fungus-infected group and the pair-fed controls. All rats in groups A, B, C and I were killed with chloroform on d 15; the livers, kidneys, adrenal glands, spleen and thymus were removed immediately, blotted dry and weighed.
Trial 4. Twelve female rats weighing 65 to 78 g were assigned randomly to four diet treatments: A) 40% FF seed; B) 40% INF seed; C) 40% pfFF to B; D) C-S control diet. The rats were housed in regular cages as in previous trials during a 7-d adjustment period. On d 8, the rats were moved to metabolism cages where a 5-d total collection of feces and urine was started. Urine was protected from oxidation and evaporation lossed by the addition of 2 ml toluene and i ml 1N HC1 per flask. Feed and fecal samples (composited across the collection period for each rat) were analyzed by proximate analysis using AOAC (1975) procedures and apparent digestibilities calculated. Gross energy determinations for feed and fecal samples were obtained using a Parr adiabatic bomb calorimeter s and these values were used to calculate digestible energy of the treatment diets. Kjeldahl nitrogen was determined on the individual urine samples to determine treatment effects on apparent biological values of dietary protein. Records of feed consumption and body weight were kept.
Following the conclusion of the metabolism phase, all rats were killed with chloroform and liver, kidney, adrenal, spleen and thymus weight obtained. Tissue samples from liver, heart, kidneys, thyroid and hypothalamus were fixed in buffered formalin, embedded in paraffin, section at 5 /am and strained with hematoxylin and eosin. The tissue preparations were examined for histopathologic changes at the Alabama Veterinary Diagnostic Laboratory.
Data from these experiments were analyzed by trial using least-squares ANOVA procedures according to the General Linear Models procedure of SAS (1979) rat at the end of the test period and Eij = the random error term.
The error mean square was used to test treatment differences. Digestibilities determined in trial 4 were analyzed using a one-way analysis of variance. Differences among means were tested using Student Neuman Kuels multiple range test.
Results
Trial 1. Increasing the proportion of INF seed in the diets reduced (P<.05) both daily feed consumption (DFC) and average daily gain (ADG; table 3). In addition, at each concentration of seed in the diet, presence of the fungus resulted in reduced (P<.05) DFC and ADG compared with absence of the fungus. The Water intake was greatest for rats receiving the C-S control and FF seed diets ad libitum and both showed greater (P<.05) water intake than the INF and pfFF seed groups. Rats offered the INF seed diet consumed less water than the pfFF group; however, the difference was not significant. The INF seed diet resulted in reduced (P<.05) feed intake (5.5 vs 13.4 g/d for FF seed and 11.9 g/d for C/S control), typical of the response shown in the other trials reported here. Mean body temperatures were lower (P<.05) for the group receiving INF seed. The remaining treatment groups showed no significant differences in mean body temperature.
Trial 3. Rats offered FF seed and C-S control diets consumed more (P<.05) feed and gained faster (P<.05) than those receiving the INF seed and pfFF diets (table 5). When feed consumption was kept similar, ADG for the pfFF group did not differ from the INF seed group.
Autoclaving the fescue seed resulted in slight but insignificant improvement in consumption and ADG (table 5) for rats in both the Auto-INF and AutoFF seed treatments. Average daily gain for the pfAutoFF seed group did not differ from that of the AutolNF seed treatment. Rats offered diets containing 40% culture medium, both inoculated and uninoculated, had numerically greater DFC and ADG values (table 5) than any other treatment groups. These values were not, however, significantly greater than those obtained from the FF seed, AutoFF seed or C-S control treatments.
There were no significant differences for least-squares organ weights (data not shown) among any treatments for the organs studied (liver, kidneys, spleen, thymus and adrenal glands.)
Trial 4. As in the previous trials, rats in the INF seed treatment consumed less feed (P<.05, table 6) and grew slower (P<.05) than did the groups receiving FF seed or C-S control diets. There were no differences in ADG among the rats receiving INF seed and pfFF seed treatments.
Least-squares analysis of organ weights for trial 4 (table 7) yielded few significant differences. Among the organs tested (liver, kidneys, spleen, thymus and adrenals), spleen weight was less (P<.05) for rats fed both the INF and pfFF seed treatments (.247 and .264 g, respectively) than for the FF seed or C-S control groups (.622 and .739 g, respectively). Rat spleen weight did not differ between the INF and pfFF treatments or between the FF and C-S control treatments. No significant differences existed among the treatments for any remaining organ weights. Histological examination of organ tissues failed to reveal any significant pathological changes in any rat from any of the treatment groups.
Digestibility data for trial 4 are presented in table 8. No differences in apparent crude protein (CP) digestibility were evident among the seed treatments, although CP digestibility was significantly greater for rats consuming the C-S control diet. Likewise, apparent biological value (BV) of the dietary CP was greater for the C-S control diet but was not different among the seed diets. Among the fescue seed diets, the diet containing INF seed had greater (P<.05) crude fiber, nitrogen free extract and dry matter digestibilities and a higher (P<.05) digestible energy value than the diet containing FF seed. Ether extract digestibility did not vary significantly among treatments. Representative samples of the INF and FF seed used in diet formulations for this study were sent to the University of Kentucky for analysis of loline alkaloid content (table 9) . Fungus-infected rescue seed contained greater concentrations of N-acetyl loline and N-formyl loline than did the fungus-free seed. These results are consistent with the alkaloid data for fungus-infected vs noninfected rescue seed reported by Bush et al. (1982) .
Discussion
Cattle suffering from severe cases of fescue summer syndrome exhibit a variety of symptoms. Of these, only the depressed feed intake and reduced average daily gains were seen consistently in rats. Although respiration rate was never formally observed and recorded, in no instance did rats receiving INF seed appear to exhibit labored or rapid breathing in comparison with rats receiving C-S control or FF seed treatments. The effect of fungus infection on feed intake was immediate and consistent, occurring the first day feed was offered and continuing throughout the trial. Daily gain closely followed feed intake patterns. In no trial did rats pair-fed FF seed diets or pair-fed C-S control diets show any improvement in growth rate when compared with rats consuming INF seed diets. This would appear to efiminate the possibility that the anti-quality factor present in toxic fescue directly inhibits growth.
Rather, it appears more likely that the toxic substance inhibits feed intake, thereby leading to reduced gains. The presence of an extremely unpalatable factor in the INF seed would be expected to cause an immediate decrease in feed intake and perhaps a gradual, but slight, increase in consumption as hunger overcame the response to poor palatability. This response was observed in all rats offered INF seed. Several alkaloids have been implicated in the etiology of summer syndrome. Loline content (and related pyrrolizidine alkaloids) of rescue hay has been correlated with reduced feed intake, reduced gain and other signs of summer syndrome in calves (Jackson et al., 1984) . While a direct cause and effect relationship has not been shown, infection of fescue forage by an endophytic fungus has been highly correlated with loline concentrations in the plant (Bush et al., 1982) . J. D. Robbins (personal communication) fed three levels of loline to rats and obtained corresponding reductions in feed intake. Additionally, he has observed a marked reduction in loline concentration in the plant (.2% down to .05% of dry matter) during the cool season. In cattle, grazing time on INF rescue pastures often improves with the advent of cool weather. The INF seed used in this study was found to contain a greater concentration of N-acetyl and N-formyl loline than FF seed. In view of these findings, it is possible that elevated loline levels in the INF seed may be responsible for the decreased palatability and feed consumption observed in the rat.
Autoclaving resulted in a slight increase in feed consumption and average daily gain for rats fed both the AutoFF and AutoINF seed diets. The autoclaving process did not, however, significantly reduce the difference in daily feed consumption and average daily gain between the AutoFF and AutoINF treatment groups. The anti-quality factor present in INF seed shows some degree of thermal stability because autoclaving the seed did not reduce the difference in DFC and ADG between the AutoFF and AutoINF treatment groups. The increased intake observed due to autoclaving the seed may have resulted from heat-related changes in the protein and starch components of the seed. Inclusion of cultured fungus in seed-free diets did not result in the same reduced feed consumption and ADG noted when INF seed was fed. Both ADG and DFC were numerically greater on the cultured fungus diet than on the diet containing FF seed. Evidently, the fungus alone cannot, or does not, elaborate the antiquality factors present in INF rescue seed. This does not eliminate the fungus from possible involvement in the etiology of the summer syndrome. Many fungi and plants, capable of jointly producing a toxic metabolite, fail to do so when grown separately or on artificial medium (Davis and Diener, 1978) .
The effect of treatment on body temperature was unexpected. In contrast to the response typically noted in cattle, rats consuming the INF seed diets exhibited a lower body temperature than did rats receiving fungus-free treatments. Apparently, the factor present in toxic fescue that is responsible for increased body temperature in cattle may not function in the rat. It should be noted that the rats in this study were not heat stressed. The elevation in body temperature and respiration rate observed in cattle consuming toxic fescue is most pronounced when the environmental temperature is high. However, the substance has already shown some species specificity in other experiments. With respect to signs of temperature intolerance, sheep are apparently unaffected by the toxic principle in rescue (Bond et al., 1980) and there are no reports in the literature of increased body temperature among horses grazing tall rescue. Because altered respiration rates were not observed in rats receiving the INF seed diet, it is possible that rats are not susceptible to this effect of toxic fescue.
Digestibility data from trial 4 indicate that presence of the fungus improves NFE, crude fiber and energy digestion in the rat. In general, there is some increase in digestibility of a feedstuff associated with decreased feed intake. However, in no case did the digestibility of any feed component differ between the pfFF and ad libitum FF diets. This would indicate that some factor other than decreased feed intake was responsible for the increased digestibilities observed with INF diet. Crude fiber digestion was positive only for the INF seed diet and approximated zero for the other treatments. Because the plants for both seed sources were mature at the time of seed harvest, the digestibility difference is probably not related to maturity, per se. There is no evidence that presence of the fungus or concentration of loline alkaloids alters digestibility, although it has been shown (Boling et al., 1975) that the alkaloid perloline reduces cellulose and crude protein digestibilities in sheep.
It may be hypothesized that fescue summer syndrome is a two-faceted disorder involving an alkaloid responsible for low palatability and a substance possessing pyrogenic qualities. This latter factor would account for the increased body temperature, respiration rate and excessive salivation frequently noted, as well as the apparent intolerance to hot environmental temperature.
Evidently, the toxic nature of fescue results from the synergistic relationship between the fungus and the plant. Fungus-free rescue does not appear to be toxic to either cattle or rats and cultured fungus did not .produce any ill effect in the rats in this study. 
